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It was reported that variations in cerebral impedance measured by a roving electrode 
might reflect anatomical differences of each brain structure26> 29>. 
Since 1966, we have investigated an impedance value of various brain structures both 
in animals and men, and a specially designed apparatus was used for this purpose (Figs. 
1 and 2). 
( I ) In 86 cats, impedance was measured in order to investigate various factors 
affecting the impedance value in our experimental conditions. These factors were : (1) 
compression and stretching (Fig. 3), (2) entry and withdrawal (Fig. 4 (a) and (b)), 
(3) number of entry (Fig. 4 (a) and (b)), (4) stopping the electrode (Fig. 5), (5) 
exposing surface of the electrode, (6) monopolar vs bipolar electrodes, (7) frequency of 
signal current used (Fig. 4 (a) and (b)), and alive vs dead animals (Fig. 6). 
(I) Impedance profile was obtained from the cortex to deep within the structures 
(Figs. 7, 8, and 9). Cortical impedance values were taken as a control expressed as 100 
and values obtained from various structures were calculated in terms of % for the control 
value. 
As indicated in Table 1, a value of impedance was the highest in the optic tract and 
internal capsule, next higher in the white matter and corpus callosum, and the lowest in 
the sulcus, ventricle, and physiological saline. 
The values of impedance obtained from various thalamic nuclei in 16 cats were divided 
into three grades according to a value of impedance. (A) group contained the VPM 
(N. ventralis posteromedialis), CL (N. centralis lateralis), and VPL (N. ventralis postero-
lateralis), (B) group included the AV (N. anterior), VA (N. periventricularis anterior), 
and LD ( N. lateral is dorsal is), and （、） group contained the CM (N. centrum medianum)' 
VL (N. ventralis lateralis), MD (N. meclialis dorsalis), and LP (N. lateralis posterior) 
(Table 2 (a) and (b)). 
脳局所電気 Impedanceの研究 613 
(III) Impedance was clinically measured by using the electrode with a bare tip of 
1.2 mm which consisted of 1.2 mm diameter and 20 cm long, and moreover it contained 
a heater for thermic coagulation (Fig. 10). 
( 1 ) Fig. 11 showed the impedance curves recorded during stereotaxic thalamotomy 
for parkinsonism. A value of impedance apparently increased in the internal capsule, then 
characteristically decreased during traverse through the thalamus, and again prominently 
increased in the field of Forel H. 
( 2 ) Itseems to be very important to foresee the extent and character of the brain 
tumor in procedure of extirpation of it. We obtained the results showing eighty per-
centage in the gliomas, one hundred and twenty percentage in the meningiomas, and fifty 
percentage in the metastatic tumors in comparison with control of the cortex (Table 3). 
Though a value of impedance was lower in both solid and cystic gliomas than in the 
cortex, impedance curve became plain in the cystic but undulated in the solid one (Figs. 
12 and 13). 
( 3 ) Whereas in the 3 cases, the centrally situated malignant brain tumors were 
stereotaxically coagulated by the heater contained in the electrode after recording the im-
pedance curves, ultimately al cases were dead according to exacerbation of the tumors 
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lζimpedance の測定と 11 0 11'.i ：こ iJ l ~'1c.ソ
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Blcにkdiagram of the impedance amplifier. Fig. 1 

































irnpedancec7） ＇.~~)j {j:避けがたいが， iii五 111似：こ基づく im-
Fig. 2 Output of the impedance amplifier isproportional to external 
impedance (O to 30 KnJ. 











近年ようやく［J1肝吋日 8:1¥/1.ir.i: (1965)6）及ひ..Laitinen 
l t al. (1リ＂ ，12)はヒトの定位脳手術の際lζimpedanceif¥lj
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CAT!No.14) 
soon Fr. 7,:lmm Lt.3,0mm 
Fig. 3 A value of impedance is extremely in-
crea鉛dby compr，回目ngthe surface of the cortex. 
A, B and C show the coagulated portions. 























































常lζ弱い電流を用いた1.'f.両者で im肘dancecurve lζ 
大した相違は認められなかった．
7〕 測定用 signal交流の周波数： 1kcpsから 200
kcpsのむ流を使用した時の impedancecurveの解像）J
は 1kcpsを用いた時が一番良好であり，また全（j；とし




















Fig. 4 (al and 1 bl show the impedance curv白
measured by entry !down) and withdr.iwal (up・l 
of the electrode, and mor凹ver tho記 measured














Fig. 6 Impedance curves measured in 
the alive or dead animals (Fr 3.0 and 
Lt. 2.5). 
curveは生時のそれによく類似していた（図6). 
!OJ 脳各断面での impedancecurve ：図6はJasper及
びAjmon「Mar抽nの atl;"による Ft.3.0, Lt. 2.5の




図 7(a）は同じく Fr.7ム Lt.2.5における'il1極通過
路の脳断面であり， 図7(b）はその通過路の im戸lance
curveで， 臼質，脳梁部で著明な上昇があり，視床核
のLD(N.lateralis dor坦 lis),LP(N. lateralis posterior), 





図内は Fr.11.0, Lt. 5.0のlevel
での impedancecurveであり，視床
核のうちでは VL 核 IN. ventralis 





Fig. 5 i'<irtiun' of the dotted li.:es show chan民sin imoedance 











Fr. 7.5 L t.2.5 
ー~・ Im阿d。＂・
Fig. 7 ( b I Impedance curve measured at level 
。fFr. 7.5 and Lt. 2.5. 
Fig. 7 1 a 1 The right vertical groove is a trav-
ersed track of the electrode used in the animal 
and the left one is that of the electrode applied 
to the human. 
Abbreviations in Figs. 5, 6, 7 (a〕and7 (bi. 
CC : Corpus callosum, CM : N. centrum medianum, CP : Commissura posterior, Cx : Cortex, FLM : 
Fasciculus longitudinalis medialis, GL : Corpus geniculatum laterale, G. Im. : Graph by an immobilizing 
electrode, H1 : Forel H1, LD : N. lateralis dor田！is, LM : Lemniscus medialis, LP : N. lateralis posterior, 
MD : N. medialis dor田lis, Ped : Pedunculus cerebralis, Pul : Pulvinar, RM : Reticularis mesencephalica, 
S : Sulcus, SC¥V : Subcortical white matter, TO : Tractus opicus, V : Ventriculus. VPM : N. ventralis 
postero・medialis.
値を比較検討した． ζの場合便宜上 Cortexを100とし






























最も高い（A)group には VPM(N 
~ ~ 1 パ v州 パ h争行:fVL毒P0J I I ¥ .,./ 1 刊 ntralis p1 "t… 
1叫 l I I ? _I 珍〆 I/V円－＂I / ¥ 1s~ I 1iL L←Dヒ3'M V.＜：＇ペ／ k•L ¥¥ I centralis lateralis〕，VPLIN. ventralis 
11-1 ¥ 1 'I 1 t_!E o ~v 竺 I'-.. I 
18[ 'l [¥ 1市~神Z Cl Jタ）：：：＇ ) ) p白 t町 0・lateralis）か， （同 groupl乙は
引 l\L~正 I~ IHp-;1 _p；〆 I¥_/I AV (N. …札 VA (N.阿ト
21-I I 1 引 I ,JI ・1乙五島’，/ / / 
I l 、『、 I・・・/ ··~ T。J〆， I / 
22イ｜『」ーI. , Wて__;y ’ l / ventricularis anterior), LD (N. la-
23-1 I I I ，，，〆』ノ〆
24イ I I ν / '--" teralis dorsal is），最後に刷grouplζは
2~寸 I I '-.. ~ 
26-I I I - CM I N. centrum median um), VL 
一ー’ Imp・danco IN. ventralis l‘1terali,1, MD IN. me-
Fig. 8 Impedance curve measured at level of Fr. 11.0 and Lt. 5.0. dialis dor回lis),LP (N. lateralis pas-
A, B, C, D and E show the coagulated portions目 terior）がはし3る．
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Table 1 The values of impedance obtained 
from various structure・、a陀 dividedintけ thr百
grades according to a value of impedance 
G D I !1111月上川町・rouo ・ , lυ戸）
A I 130～151 
B I 110～m 
c ' ！）（）～ 89 
Brain structure 
TO, CI 
sew. GL. cc 
S, V. NaCl 
c，げIビ入 ＝100
Table 2 I b; Each thalamic nucleus is 
divided into three groups due to grade 





































Table 2 <a 1 Impedance values (%) in various thalamic nuclei 
C.1叫d






































AV VA VPM CL VL VPL 
119 
111 

















Abhre～iatJ<lト inFig. 8, Tables 1, 2 (a〕and2 lb) 
AV : N. anterior ventralis. CC : Corpus callosum, Cd : N.じ川【btu"CI : C礼p>'u!.1interna, CL : N. centrahs 
lateral is，仁：＼－1 :.J centrum medianum, FT : Fasciculus thalarr〕icus,F.，・Fornix,GL : Corpt" geniculatum 
laterale, HP : H,・p1汁hala mi山、 posterior,LO : N. lateralis dor田！is,I.Ml-: : Lamina medullari' externa. LP: 
N. lateral is posterior，恥10 ：可 medialisdorsalis, NL : N. lenticularis守 R : >!. reticularis, Rb : N. rhom-
boideus. S ・ Sulcus, SCもN : Subcortical "hite matter，メr: Stria t~ rn 】 inali >. TMT ~ Tractus mamillothala-
micus, V : Ventricuh』s.VA : N. periventricularis anterior, VL : N. ventral目lateralis,VPL : N. ventralis 
postero-lateralis, VPM : N. ventrali、posterc-medialis.
3考按
Impedanceはresistance成分と react1nce成分とより








ると， vanHareve!d31 lは cortexてはど＇｛（）～ 2川小1・
cm, リンケ、ル液で（:j；）（）～10obm•crn であると述べてお













































































と，最もt:iい（A)group には VPM, CL, VPLか＇ (B) 
group には AV. VA. LDと続き，最後lζ（C)grouplζ 
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r: ．←一－Teflon c。ting
4.0mm Heater ( 5fl DC) 
l E@ ~ l －一一’ヘ／， φ
l.2'mm I¥ / • A Nickel with platinum 
L － － ~－V － ~ ___ l coating 
持ー →i 
l.2mm 
F』g.9 Electrode used for impedance measure-



















Fig. 10 •a 1 Impedance curve measured dunng 
、ter~＜＞l;i x i c thalamotomy for parkinsonism. 
CI : Capsula interna, Coag: Coagulation, H1 : 
f，げとlH1, Th : Thalamus, V : Ventriculus, Vo: 






























Fig. 10 'b 1 Impedance curve obtained dunng 
withdra日；drepresented to mirror-image as com-
pared that obtained during entry. 
脳局所電気 ImtJedanceの研究
る．電極尖端が thalamus下部境界線l乙達した所で，









ると，図11は solidastrocytoma例で， impedancecurve 








Fig. 11 Imi:edance curve measured in a case with 
臼lidastrocytoma. 









図12は同じく a'tr<町 tomaでも cysticな例であり，
impedance は tumor部で著明lζ低下して平担になり，
しかもtumor底部になるにつれて序々に下っている．


















Fig. 12 Impedance curve measured in a ca田 with
cystic astrocytorr】a.
Table 3 Impedance values (%) obtained 






Histology of the tumor! C%) 
Ast悶 ytoma I おlid I 86 
Astrocytoma I Solid I 116 
As回 cytoma I Cystic I 81 
F. T. ~：~i~：i~：：：：tous Solid 120 
G. F. ! Metastatic squamous I Cystic 59 cel carcmona 
S .O 1 Metastatic undiffe- Cystic 47 ・ ' rentiated carcinoma 
Cortex= 100 
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(I) 入、tr<山 1け1'ιl は正常 cortexf直の凡セ刈ルて，








































F』g.14 1ai and (b』 c，川『川 ventriculographyperformed in a ca宮山・iththalamic tumor before operation. 
、 、 ，
?
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，? 三L
一ーーー『Imp.
Fig. 15 I b I Impedance curve measured 
during stereotaxic encephalotomy for 
thalamic tumor. 
CC : Corpus Ca'llosum, Coag. : Coagu・
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